Abstract. This study looks into areas around the NCT region that have deep soil conditions along the Yamuna River and are known for having groundwater resource potential. The site selected has a complex land use mix, including residential, administrative, and industrial setups along with a warehouse and other supporting facilities.
Introduction
The area around Delhi NCT includes areas like Sonipat, Panipat Noida, and greater Noida, which are situated in the deep soil conditions along the Yamuna River and have enormous groundwater resource potential. In this area, there are not many groundwater quantity and quality problems except for salinity issues in a few patches. This is compared to areas on the western part of the NCR region, such as Gurgaon and Faridabad, which are occupied by a complex hydrogeological condition in which there are a lot of problems regarding groundwater quantity and quality. In the case of Sonipat, groundwater occurs in alluvium and the underlying weathered / fractured quartzites. Alluvium comprises sand silt, kankar, and gravel, which form the principal groundwater bearing horizon.
In the quartzite format ion, which occurs in the north-western part of the district, groundwater occurs in weathered and jointed fractured horizons. Weathering and fracturing has resulted in format ion of semi-consolidated sand beds (BA-DARPUR SANDS), which form potential aquifer zones. This quartzite format ion has not been explored for groundwater occurrence. In alluvium, granular zones are evenly distributed in entire thickness, which is negligible near the quartzite outcrops to over 350m in the eastern parts near the Yamuna River.
In recent years, the water level has declined due to overexploitation of groundwater resources. This is due to many factors such as a growing number of tube wells, low spacing between them, and high tube well density as well as less Science Target Inc. www.sciencetarget.com
Temperature
Temperature data for the last six years from 2006 to 2011 was collected from the Indian Meteorological Department and an average rainfall of these six years was considered for calculation of water losses due to high temperature, which depicted that pre-monsoon months are the hottest months recorded with a maximum temperature of 41.5 C in the months of June, July, and August. This is generally followed by rain, thus lowering the peak temperatures that otherwise cause heavy water losses due to evaporation and evapotranspiration.
Summers in Sonipat remain very hot and dry. The season of summer starts from April and lasts until June, while bringing about a very steep rise in temperatures. The maximum temperature may ascend to 47.7 o C, and the minimum temperature is recorded as 3.9 o C. Winters in Sonipat are very cold and damp. The season lasts for four months: November, December, January, and February. During winters, the maximum temperature rises to 3.9 o C. However, there might be a sudden drop in the temperature level during the nights. The minimum winter temperature remains around 8 o C. Sometimes, cold days are accompanied with heavy fog and winter sleets/hail.
Humidity
Humidity data for the last six years from 2006 to 2011 was collected from the Indian Meteorological Department. Humidity is highest during the rainy months. The highest humidity of 81% has been recorded in the month of August and a minimum of 24% in the month of May has been recorded. Thus, May is the driest month with the least humidity.
Rainfall
Sonipat experiences moderate rainfall during the rainy season, with the average rainfall recorded at 596 mm. However, isolated rains occur throughout the year. The southwest monsoon reaches the city around mid June and brings frequent spells of rain until October. Mild drizzles are recorded during the months of December through January. The southwest monsoon causes heavy rain to fall in the region in the rainy months starting from the last week of June to the end of September. The frequency of rain is highest in the months of July and August, reaching up to 338.8 mm in the month of August 2010, causing flooding in many low lying areas. 
Methodology
a) The study area was divided into different zones as a macro and micro level grid pattern, according to the physiographic condition. The macro level study is done for general vision of the sub-surface strata, and the micro level study is for the localized details.
b) The meteorological department's rainfall data were used for the rainfall intensity and pattern calculations in and around the study area.
c) The isohytal maps, which represent the points of equal rainfall, were also taken into consideration in order to establish the relation between rainwater restoration potential and rainfall in the study area.
d) The water level fluctuation in the area is studied through the data available for Uttar Pradesh. The groundwater quantity and quality potential is also studied through the geophysical investigations in the area.
e) The hydro-botanical studies suggest the types of plants that best suit the soil and environment of the area and help in the conservation of water resources.
f) The increase or savings in energy use and related emissions, relative to the reduction in main water demand (and wastewater to be treated).
g) Solar Energy Potential Assessment considering Standard Conditions for accessing the possibility of Solar Water Pumping within the site area.
Analysis and Discussions
The conjunctive use involves the coordinated and planned operation of both surface water and groundwater resources to meet water requirements in a manner in which water is conserved. Coordinated use of surface water and groundwater does not preclude importing water, as required, to meet growing needs. The basic difference between the usual surface water development with its associated groundwater development and a conjunctive operation of surface water and groundwater resources is that the separate firm yields of the former can be replaced by the larger and more economic joint yields of the latter.
Management by conjunctive use requires physical facilities for water distribution, artificial recharge, and for pumping. The procedure requires careful planning to optimize use of available surface water and groundwater resources.
A conjunctive use management study requires data on surface water resources, groundwater resources, and geologic conditions. Data on water distribution systems, water use, and waste water disposal are also necessary.
This conjunctive use management plans in the proposed site area requires the data regarding: Management of the groundwater basin in an area needs development and utilization of subsurface water. The groundwater extraction water wells remain functional only if there exists a balance between water recharged to the aquifers from the surface sources and water pumped from the aquifers by wells.
Typically, the development of water supplies from groundwater begins with a few pumping wells scattered all over the area. With the passage of time, more wells are drilled, and the rate of extraction increases. As a result, the aquifer discharge increases to its recharging capability. Continued water extraction without a management plan could eventually deplete the groundwater resource. By regulating inflow and outflow from the basin, an underground reservoir can be made to function beneficially and indefinitely as a surface water reservoir.
Therefore, lack of management of major groundwater resources cannot be permitted if adequate ongoing water supplies are to be provided.
a) Factors Affecting the Rate of Water Demand
The demand for water varies from town to town, and factors which may affect the rate of demand of water are as follows:
Climatic Conditions
The consumption of water depends on the climatic conditions of the place. In warm countries like India and particularly the NCR, the amount of water required in summer will be much more than in the winter, as more watering of gardens, bathing, air-conditioning, watering of parks and fountains etc. is done. Therefore, the consumption increases in the summer season.
Habits of People
The consumption of water depends upon the economic status of the consumers and will differ widely in different localities in the same city. In wealthier localities, the consumption per capita will be high while in slum areas, a common tap may serve several families, and thus the consumption per capita would be low.
Efficiency of the Water Supply System
Efficiency of the waterworks will affect consumption. Leaks in mains, unauthorized connections, etc. increase losses and affect consumption.
Quality of Water
The consumption of water varies directly with the quality of water. If the quality is good, then the consumption will be high while the consumption will be low if the water has an unpleasant odor or taste. Such is the case of saline water or sewage water leakages in the main water supply.
b) Assessment of Water Demand
The water demand is assessed on the criteria of the type of building and the nature of the water usage pattern. The three major categorizations within site premises are as follows:
-
The water demand for six warehouses along with the cold storage for an estimated population of 638 persons is calculated considering only the ground floor area to be on the safer side. However, if any additional special requirement of water is there for cold storage, the said can be considered while designing the cold storage.
For Admin 288 person and Sec. cabins 32 Persons, an overhead water tank will be provided including the firefighting demand and the provision of future expansion considering 10% extra.
-A guest house with a capacity of 176 persons is provided with a separate overhead tank in view of its residential nature and water usage, which also includes the requirement of hot water.
The water demand of the project is detailed in the table below (Table 1) .
Assessment of Water Availability
The available water resources on site, including groundwater and surface water, through the installation of tube wells and rainwater harvesting, respectively are calculated as follows:
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Depth-to-Water Level
The depth-to-water level in the study area is shallowest in the eastern side, and deeper water tables occur towards the road side. The shallowest water table occurs at a depth of 45 m below the existing ground level. The deepest water table occurs at the depth of 46-50 m b.g.l.
Water Level Fluctuation
The maximum water level fluctuation of 5.2 m is seen towards the road side, and the minimum fluctuation was recorded near the eastern side as 4.2 m.
Groundwater Movement
The groundwater flow in the study area is from the road to eastern side.
b) Groundwater Estimation
The groundwater potential is the capacity of the aquifer or groundwater reservoir to discharge water. This capacity or potential is low in areas lying in the southern and southeastern part. High potential area occur in the northwestern part, and in between the two lies the area with medium groundwater potential. 
Rainwater Potential Estimation
Since the area has experienced flooding and water logging, even in the natural ground, it is obvious that the flooding and water logging will further increase due to an increase in the run-off condition. This will occur after the commissioning of the warehouses and other buildings. Therefore, 100 mm data may be considered for effective control on the water logging and flooding issues. Therefore, the calculations are made considering the average rainfall intensity of 20mm, flooding intensity of 100mm, and yearly average intensity of 596mm separately for the Rooftop, Pathway, Green Open, and Road Areas (Asphalt Road), with respective factor of Coefficient.
Recycled Water Assessment
At least 80% of the total used water can be recycled and reused within the site, especially for flushing and landscaping or other domestic purposes. 
Carbon Footprint of Water Use
Energy consumption can generate GHG emissions as a result of either combustion of fossil fuels in electricity generating stations or from burning oil or natural gas directly at the point of use. The greenhouse gas emissions, reported as equivalent carbon dioxide (CO2e)4 associated with generating power, are used in conjunction with the energy intensity of water use to calculate a carbon footprint; the grams of CO2e generated to extract, treat, and distribute 1 m3 of water; and to collect and treat 1 m3 of wastewater. Electrical energy use is converted to a carbon footprint (kgCO2e/m3) using a GHG emission factor (gCO2e/kWh). This factor is determined by the unique proportion of fossil-fuel fired electricity generation in each province (Mass, 2009 ).
The pumping energy for the distribution of treated water is common in the majority of systems with the exception of short retention grey water systems or raised rainwater storage tanks (the latter of which has not been considered in detail in this study). Rainwater harvesting systems do not normally include energy intensive treatment; however, it has been observed that in some cases, UV disinfectant systems are added to the system post filtration. The calculation model base assumptions do not assume the presence of Science Target Inc. www.sciencetarget.com a UV disinfectant component for any of the generic rainwater systems.
In this study, operational carbon is taken to be the emissions associated with electricity use for any pumping and treatment, calculated as follows:
Operating carbon footprint = sum of energy use for (pumping + treatment) x electricity emissions factor -The accuracy of operational calculations depends on the accuracy of assumptions made about the electricity use for pumping and treatment (Parkes, 2010) .
Considering that the carbon emission factor for India is 0.85 (Green Clean Guide, 2011), the energy assessment for actual and reduced water demand is calculated for different cases with projected carbon emissions. Therefore, with CASE A, the study achieves a reduction of 55267.77714 kgCO2 annually, which is approximately a 25% reduction in extraction of gross water demand through groundwater level improvements via recharge through rainwater harvesting and recycled water on site. 
Description CASE A

Description CASE B
In the case of recycled water on site, a recycled water quantity of 53.48 m3/day (19522.8864 M3/year) is utilized to offset actual water demands. A daily water demand of 83.47 m3/ day (30469.032 M3/Year) will lead to a significant reduction of 29.98 M3/day (10942.7 M3/year) that will be extracted from the available groundwater quantity.
Assuming an estimated operation of 15hours/ day with a submersible KSB pump of 10HP extracting available groundwater at a depth of 45 meters, the energy consumed will be 520167.3143 KWH annually with a carbon footprint of 442142.2172 kgCO2.
However, the energy consumed for the same quantity of reduced demand extracted from the groundwater table will get reduced in case of improved water level up to 42 meters (approximately) due to the addition of 124.9 m3/day (45624.508 M3/year) of harvested rainwater. This will improve groundwater levels and reduce the operation hours from 15hours/day to 12hours/day with a 7HP water pump. The energy consumed will be 455146.4 Kwh annually with a carbon footprint of 386874.44 kgCO2.
Therefore, with CASE B, the study achieves a reduction of 55267.77714 kgCO2 annually, which is approximately a reduction of around 12.5% when compared with 5, 20, 167.3143 Kwh against 4, 55, 146.4 KWH. This is achieved through groundwater level improvements via rainwater harvesting and demand reduction via the utilization of recycled water on site.
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Solar Exposure Analysis of Study Area
Solar exposure analysis has been performed for the study area using Ecotect Version 5.50 to assess solar insolation levels over the building facades and ground surface to enable the installation of solar photovoltaic panels over the built surfaces and ground surfaces available in the landscape area.
The solar radiation calculation is done using recorded direct and diffuse radiation data from the weather file and is calculated through site latitude and longitude. Given the dynamic path of the sun through the sky and changing climatic conditions, solar radiation and over-shadowing values will vary over time as well as spatially. Therefore, the annual period is considered for calculation for a time range from 8AM to 5PM with average daily values. Due to the limited area of landscape available in the study area, the built surfaces must be considered as power generating surfaces. Vertical surfaces don't have much solar potential to be harnessed, but the horizontal surfaces, including the building rooftops and the landscape area available, have good solar power potential of 3000+Wh (energy) and 4800+Wh (energy), respectively, as an average daily value potential. Therefore, considering the average solar insolation value for the study area, the solar power potential is calculated in Table 9 .
Looking into the site situations where a very limited 56813.87m2 area is assigned as open green space, in which only 1.681% of total site area is utilized for landscaping and 42645.83m2 area is the built up rooftop area, makes it 45% of total site area. This increases the potential for roof top solar harvesting instead of ground or surface solar harvesting. Therefore, considering the worst case scenario for drinking water pumping requirement with roof top solar energy harvesting systems, the following values have been obtained with minimum, average, and maximum solar insolation values for the rooftop area only. This clearly indicates the excess availability of green energy on site by converting solar energy potential into electrical energy using crystalline solar cells with 20% conversion efficiency under STC.
Science Target Inc. www.sciencetarget.com This green energy generated on site will offset the electricity used for pumping water systems in the study area while producing excess quantity, which can further be utilized for lighting or other energy intensive uses within the study area. Therefore, it becomes a Green Energy Intensive Site with Zero Carbon Footprint for water pumping systems (other energy consumption within the site have not been included in this paper).
This makes solar water pumping a feasible concept on site where the sun and solar panels provide all of the electricity needed to pump water while eliminating the need for any external power source. This makes solar water pumping a low cost water pumping option (Repository) . The following considerations have been made for obtaining the annual energy output on site:
By convention, solar cell efficiencies are measured under standard test conditions (STC) unless stated otherwise. STC specifies a temperature of 25 °C and an irradiance of 1000 W/m2 with an air mass of 1.5 (AM1.5) spectrums. These conditions correspond to a clear day with sunlight.
-A solar panel with 20% efficiency and an area of 1 m² will produce 200 W at STC, but it can produce more when the sun is high in the sky and will produce less in cloudy conditions and when the sun is low in the sky (wikipedia).
Conclusions
In accordance with Nabard's Norm, the calculated water demand in the site area falls in the grey category of Nabard's Norm with a gross water demand of 83.4768 M3/Day (30469.032 m3/yr) against an availability of 121.85 M3/Day (44478.58m3/yr). The use of groundwater, with the recommendation of reusing recycled water for flushing and landscaping purposes, reduces the burden on fresh water sources by reducing the total water demand from 83.4768 M3/Day (30469.032m3/yr) to 16.69M3/Day (6,093.8M3 /yr). With the addition of rainwater potential, the availability is increased to 124.9 M3Day (45624.508M3/yr), and the total availability is further enhanced to 46624.50805 M3/ yr, which improves the stage of groundwater development, allowing it to fall under the white category ( Figure 9 ).
For water recycling, it is recommended that a root zone system be used followed by other water treatment mechanisms. Solar energy can also be used for water stabilization pond to treat waste water without any chemical or electricity. Furthermore, reductions in water demand can be achieved through the application of dry land plantation for vegetation cover and a drip irrigation system for plant watering.
Rainwater harvesting is proposed to control flooding and water logging and groundwater recharging. Massive pumping out of subsurface water has caused a regular decline in the groundwater table of the area. The extraction of water has been occurring at an alarming and uncontrolled rate (which is why the output-to-input ratio is very high); therefore, rainwater harvesting is required to reduce the O/I ratio.
Because of groundwater recharging, the aquifer system of the study area will get saturated. As a result, the failure of the tube well/bore will stop because of decreasing levels of available water table, with the improvement in groundwater quality due to more percolation of rainwater other than the natural course of action for percolation. In a limited green open area of 1.61% of total site area, the need is to use infiltration devices and permeable pavements in hard open spaces in order to maximize the percolation.
The study also assesses the carbon footprint of the energy consumed in meeting the above calculated water demand on site along with the relevant reductions achieved in carbon footprints by reducing and reusing water. From an initial carbon footprint of 22,10,711.09 kgCo2/KWH for gross water demand to 4,42,142.2172 kgCo2/KWH for reduced water demand and further up to 386874.44 kgCo2/KWH through water level improvement modeling via CASE B scenario (Table 6 and Table 8 ). This makes a significant reduction of 80% with reduced water energy demand and 87.5% achieved through improved water level and its subsequent energy consumption in abstraction of water on site.
Therefore, it's not only reducing water demand but also reducing the energy demand on site along with the subsequent carbon emissions associated with power consumption. This makes the study area efficient in terms of energy utilization. However, a solar potential analysis is also performed to assess the onsite solar energy harnessing potential and to propose on site energy generation to make the study area energy-independent rather than energy-dependent. This makes it a green energy intensive site with zero carbon footprint for water pumping systems.
A comparison is made between the energy requirement for extracting gross water demand and the energy requirement for extracting reduced energy demand. Three different solar insolation scenarios of minimum, average, and Science Target Inc. www.sciencetarget.com maximum solar insolation conditions on site are considered (Table 10 ). The conclusion is that solar energy generates a sufficient amount of energy required for water pumping systems along with the excess amount of energy, which ranges between 75% to 98%. This energy can be used on site for purposes other than water pumping.
